We study the Langevin diffusion of a relativistic heavy quark in anisotropic strongly coupled theories in the local limit. Firstly, we use the axion space-dependent deformed anisotropic N = 4 sYM, where the geometry anisotropy is always prolate, while the pressure anisotropy may be prolate or oblate. For motion along the anisotropic direction we find that the effective temperature for the quark can be larger than the heat bath temperature, in contrast to what happens in the isotropic theory. The longitudinal and transverse Langevin diffusion coefficients depend strongly on the anisotropy, the direction of motion and the transverse direction considered. We analyze the anisotropy effects to the coefficients and compare them to each other and to them of the isotropic theory.
Introduction
The dynamics of the heavy quarks provide important information in the study of the Quark Gluon Plasma (QGP) created in the Heavy Ion Colliders. The relevant findings suggest that the QGP is strongly coupled [1] [2] [3] and therefore a promising approach to study these phenomena is by the use of gauge/gravity correspondence [4, 5] , where a recent review may be found in [6] .
The QGP goes through different phases in a short period of time. Before it reaches the isotropic phase, it goes through an anisotropic, both in momentum and phase space. The time period that the anisotropic phase lasts, is not yet specified accurately, and isotropization and thermalization is currently under intensive studies. Short times of order 2f m are predicted using conformal viscus hydrodynamics where the values depend strongly on the initial conditions. However, holographic models predict lower times ∼ 0.3f m [7] . The anisotropic phase of the plasma is followed by a longer lasting isotropic phase. Several observables in this phase have been studied extensively using the gauge/gravity correspondence. Recently, these studies were extended in the anisotropic phase of the plasma [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , 1 where a recent review may be found in [31] . Here, we extend them further by examining the Langevin dynamics of a moving quark in the anisotropic plasma.
The out of equilibrium heavy quarks go under a Brownian like motion with a stohastic force ξ(t), and provide observables that are important for the plasma, where a summary related to their physics can be found in [32] . Moreover a more mathematical approach to the Langevin diffusion coefficients is reviewed in [33] . It has been an extensive study of the Langevin diffusion coefficients of heavy quarks in several gauge/gravity dualities initiated in [34] [35] [36] [37] [38] [39] [40] [41] , and further extended in [42] [43] [44] [45] . A completely generic approach for a large class of theories using the membrane paradigm, was given very recently in [46] .
In this paper we extend the study of the relativistic Langevin coefficients using the holography in the context of plasmas that are anisotropic. Our main purpose is to study the diffusion coefficients on the anisotropic theories and understand the possible physical implications of our results in the dual plasma. We are also motivated by the fact that in the anisotropic plasmas the universal inequality between the longitudinal and the transverse Langevin coefficients has been found to be violated [46] , and we would like to understand better the conditions of this violation. Another motivation for our paper is that in [46] was argued that the only possible way to obtain negative noise coefficients, is for the motion of the quark in anisotropic plasmas and we would like to examine here this possibility for different anisotropic models.
For our analysis we consider a fundamental string which has an endpoint at the UV boundary of the anisotropic backgrounds, representing the heavy moving quark. The string end point moves with a constant velocity v equal to that of the heavy quark. The momentum flowing from the boundary to the bulk can be found and subsequently the force of the drag applied to the quark during its motion to the plasma is obtained. The direction of motion of the quark, affects the results of the magnitude of the drag force since the plasma is anisotropic. The further details of the calculations and the findings depend on the details of the anisotropic theory we study. In our paper we consider two models to study the anisotropic motion, the top down space dependent axion deformed N = 4 sYM [10] and the bottom-up anisotropic model [8] . Both geometries contain one anisotropic space direction and an SO(2) isotropic plane. We extensively analyze the coefficients in the top-down model in the whole range of anisotropies. A reason that bottom-up model is considered, is that it has the advantage to include prolate and oblate geometries, which is helpful to obtain a connection between the different types of the background geometry and certain Langevin coefficients.
The equations of motion for the trailing string for motion in both transverse and anisotropic directions have been studied in [12, 13] . Along each direction we find a different string solution stretching inside the bulk and that the 2-dim induced metric has a worldsheet black hole and a horizon at a radial point u 0 . Therefore a worldsheet Hawking temperature T ws is associated to this black hole, which is in principle different to the heat bath temperature and it approaches it only when the quark moves non-relativistically. In the anisotropic case the exact position of the world-sheet horizon depends on the direction of motion, and therefore the corresponding world-sheet temperature as well. In the usual conformal case the T ws is less than the heat bath temperature in several setups, leading to holographic refrigerator systems [44, 47] . In the anisotropic case we find that this inequality may be inverted, depending on the direction of motion of the quark, the degree of anisotropy and the speed of motion.
By considering the fluctuations of the trailing string we relate the Langevin coefficients to the thermal correlators. It turns out, as in the isotropic case, that these are thermal with the temperature T ws which was argued to correspond to the temperature measured by the quark moving in the plasma via the fluctuation-dissipation theorem [44, 48] . Then we study the spectral densities for low frequencies compared to the temperature, using the membrane paradigm. We review and apply the completely generic formalism developed in [46] and additionally derive a generalization of the Einstein relation for generic theories. In the space dependent axion anisotropic model we study the parallel κ L and transverse κ T Langevin coefficients to the quark motion along the anisotropic direction and the transverse plane, for large and small anisotropies. We find their analytical relations in the later case. In the whole range of anisotropies we compare them each other and to the isotropic coefficients. We also analyze the cases where the universal inequality κ L ≥ κ T does not hold. By considering the bottom-up model we take advantage of the fact that includes prolate and oblate geometries, depending on the background parameters, and observe the relation between the drag forces and the Langevin coefficients when going from oblate to prolate geometries. In particular by changing the geometry from oblate to prolate and vice versa certain Langevin coefficients for motion along the transverse and longitudinal directions interchange qualitative behaviors. Therefore we find a correlation of the type of the geometry and the Langevin coefficients, which does not necessary carry on to the pressure type anisotropy as the findings of the top-down model indicate.
Finally, we examine the possibility of the negative excess noise in our anisotropic models and we find that in both models there is strictly positive excess noise. The conditions for negative excess noise [46] turn out to be very strict to get satisfied even for anisotropic theories.
The outline of the paper is as follows. In section 2 we review the completely generic formalism developed in [46] for a string moving in a non-confining background. We also derive a generalization of the Einstein relation for generic theories. In section 3 we introduce the anisotropic theories that we plan to study. Then in section 4 we study the Langevin coefficients in small and large anisotropies of the space dependent axion deformed anisotropic theory. In section 5, we do the same in the bottom-up anisotropic model. In section 6 we comment on common results between these two models. Finally we conclude by discussing the implications of our results in the anisotropic theories, the violation of the universality relations and the absence of negative excess noise in section 7. For presentation purposes some analytical results for both models are given in the Appendices A and B.
Generic Study of the Trailing String and Setup
We briefly review some of the generic results of [46] focusing on the ones we need to apply to study the anisotropic theories. We consider a background of the form
which is diagonal and allows the study of anisotropic cases. The metric components are functions of radial coordinate u, the boundary of the space is taken at u → 0 and the element G 00 depends on the black hole horizon. The trailing string corresponding to a quark moving on the boundary along the chosen direction x p , p = 1, 2, 3, with a constant velocity has the usual parametrization 2) and localized in the rest of dimensions. Taking the Nambu-Goto action
with g αβ being the induced world-sheet metric, we solve for ξ ′ in terms of the momentum flowing from the boundary to the bulk, which is a constant of motion
There is a critical point at which both numerator and denominator change their sign. This point u 0 is found by solving the equation
where we have assumed G uu (u 0 ) = 0. The corresponding drag force is calculated at this point 6) while the friction coefficient is defined by
where p = M Q vγ , γ := 1 − v 2 −1/2 and M Q is the mass of the heavy probe quark. The world-sheet of the string has a horizon obtained by g τ τ (σ h ) = 0 and turns out to be the same with critical point u 0 . They are obtained by solving the equation (2.5) . In order to find the effective temperature of the world-sheet horizon we diagonalize the world-sheet metric by as dτ → dτ = dτ − g τ σ /g τ τ dσ. The diagonal metric components read
The temperature then can be obtained following the usual process and is given by
where in the first relation the velocity enters explicitly and the second equality is written such that only the background metric elements are present. Note that in the case of the anisotropic plasmas, the direction of motion affects the world-sheet temperature.
To calculate the Langevin coefficients we add fluctuations in classical trailing string solutions as in [36] . We choose the static gauge and consider the following form of fluctuations
The induced metric on the world-sheet is given byg αβ = g αβ +δg αβ , whereg are the perturbed results. The linear terms in fluctuations form a total derivative and we can neglect them with the particular boundary conditions. Therefore, the NG action for the fluctuations around the solution to quadratic order becomes
where the world-sheet determinant and the function N (u) are equal to
The above action can be rewritten in terms of the diagonalized metric (2.8) as
where H αβ = √ −hh αβ .
Langevin Coefficients
The quark moving with a constant velocity v has similar dynamics of a Brownian motion. Its motion can be found using the generalized Langevin equations which include the components of the real-time correlation functions for the time dependent drag force. Under the assumption that for long times the time-correlation functions are proportional to δ functions, the Langevin equations become local and the diffusion coefficients are constants. The effective equation of motion takes the form dp
where ξ i (t) is the force generated by the medium, and causes the momentum broadening to the quark. In our case the background is diagonal so the friction coefficient is also a diagonal matrix. The force distribution is characterized by the two-point correlators for the longitudinal and transverse to the direction of motion κ a = (κ L , κ T ),
The diffusion coefficients are given by
where G R is the anti-symmetrized retarded correlator.
A direct way to calculate the diffusion coefficients is by using the membrane paradigm [49] for the world-sheet action. A fluctuation φ in the bulk of a generic theory leads to an action of the form
then the relevant transport coefficients associated with the retarded Green function can be read from the action. It turns out that in two dimensions the metric dependence cancels out completely in the formula and the only actual dependence comes form the function q. Therefore, using the effective action (2.13), we obtain the transport coefficients associated to the massless fluctuations from their coupling to the effective action evaluated at the worldsheet horizon. Notice that in the case of the anisotropic plasmas, the direction of motion affects the results of the transport coefficient. So, the generic formulas for the transverse and longitudinal fluctuations and therefore the Langevin coefficients can be expressed in the background metric elements [46] by
where the index k denotes a particular transverse direction to that of motion p and no summation is taken. The T ws is given in terms of metric elements by (2.9). It follows that their ratio can be written as
Generalization of the Einstein Relation for Generic Theories
The Einstein-like relations for motion of a quark with non-zero velocities in generic backgrounds may be also derived. The Langevin equations have the form (2.14) and the linearized expressions are given by 20) where the friction coefficients η L,T are defined as
They are related to the coefficients η D,a , by 22) and therefore the broadening parameters κ a through the equation (2.16), may be written as
We make the consistency check, and we find that for any generic background the expressions for κ L and κ T given by the equations (2.23) and (2.22) agree with the relevant results we have introduced in (2.18).
In the anisotropic theories the coefficient η D,L given by (2.7), is different to the η D,T which can be read from (2.23) and (2.22), namely
where G kk is one of the transverse metric components and might not be equal to G pp . This is in contrast to the isotropic theories. Nevertheless, even in generic theories the diffusion and friction coefficients satisfy a version of the Einstein relations of the form
For isotropic backgrounds this result is similar to the one obtained in [43, 44] .
3 Anisotropic backgrounds
Space-dependent Axion Deformed Background
The anisotropic background used here is a top-down model which is a solution to the type IIB supergravity equations. In the dual field theory it can be though as a deformed version of the N = 4 finite temperature sYM with a θ parameter term depending on the anisotropic direction x 3 [10] . In the gravity dual side the θ angle is related to the axion of the type IIB supergravity through the complexified coupling constant and therefore an axion with space dependence will be present in the anisotropic background. The geometry of the resulting supergravity solution has a singularity in the IR which is hidden behind the horizon and the solution can be viewed as a renormalization group flow from an isotropic UV point at the asymptotic boundary to an anisotropic IR in the near horizon limit.
In the string frame the background is given by
where φ is the dilaton, χ is the axion, and a is the anisotropic parameter measured in units of inverse length. The boundary of the metric is at u = 0 and we set the AdS radius to one. For large anisotropies the solution to the supergravity equations can be found by solving the equations of motion numerically. An analytic form of the functions F, B, H and Z can be found when the anisotropy over temperature is small enough, a/T ≪ 1. The expansions up to second order in a/T around a black D3-brane solution give
2)
The position of the horizon u h is given in terms of temperature and the anisotropic parameter as
The energy and the pressures of the boundary theory are defined via the expectation value of energy-momentum tensor near the boundary. The pressure along the anisotropic and the transverse space differ, where for small anisotropies P < P ⊥ , while for larger ones the inequality gets inverted.
Notice that the metric (3.1) is always prolate for any anisotropy, while the pressures in small anisotropies are oblate and in larger prolate.
Bottom-Up Anisotropic Backgrounds
In this subsection we review the anisotropic bottom-up background [8] . The five dimensional metric with a stationary anisotropic energy-momentum tensor satisfying ε = 2P ⊥ + P is given by
where u is the radial coordinate with the boundary at u = 0. The metric functions have the form
The parameters A and B appear to the pressures via
The five dimensional static AdS black brane solution can be reached for B = 0 or at the limit u → 0.
The interesting feature of the bottom-up model is that it may have oblate and prolate geometries and pressure anisotropies, depending on the values of the parameters. Positive (negative) values for B lead to oblate (prolate) geometries. In the following we will use A = 1 and the two special values B = √ 2 ⇒ P = 0 for oblate and B = − √ 6 ⇒ P ⊥ = 0 for prolate. Notice that this model has a mild naked singularity in the bulk, where however the definitions of infalling boundary conditions are still possible.
Langevin Diffusion Coefficients in the Axion Deformed Anisotropic Theory
In this section we study the Langevin diffusion coefficients in the top-down anisotropic deformed N = 4 sYM. The analytical analysis is done for small anisotropies while for larger ones we use numerics.
Small Anisotropy
We study analytically the Langevin coefficients in the small a/T limit where the metric functions are known (3.2). For presentation purposes we give in the Appendix A some of the analytical functions appearing in this section, while we note and discuss their useful properties in the main text. Moreover, all our results in this section are up to order O a 4 , and we mention it here to avoid carrying the symbol in all the equations. We have two different world-sheets for a string moving along and perpendicular to the anisotropic direction and therefore two different world-sheet horizons [12, 13] , which can be found from (2.5), and are of the form
whereũ are contributions due to anisotropy and are given analytically in Appendix A. The corresponding world-sheet temperatures are obtained by using (2.9)
We observe that world-sheet temperatures can not be equal to the heat bath temperature for small anisotropic parameters a/T and non-zero velocities. They become equal to each other when they become equal to the heat bath temperature and that is for zero velocity. More particularly the temperatures follow the inequality
The T ws being lower than the heat bath temperature has been observed for quark motion in the isotropic cases [44, 47] leading to holographic "refrigerator" systems. For larger anisotropies we will notice that the inequality may be inverted.
To study the Langevin coefficients we use the notation κ T,L which denotes the coefficient transverse or longitudinal to the quark's motion. Moreover, we introduce the notation of the upper indices referring to the directions of the anisotropic plasma. For transverse coefficients we use the upper indices as κ ⊥,( ) T describing the effect with respect to the anisotropic direction, where the first index refers to the motion of the quark in the background, in this example in (x 1 x 2 )−plane, and the second index to the direction where the broadening happens, in this example along x 3 . For the longitudinal components the notation is simpler and the upper index just denotes the direction of the motion of the quark to the plasma. Using the equations (2.18), the longitudinal broadening parameters found to be
While the transverse to the motion Langevin coefficients are
Notice the similarity of the expressions for the coefficients κ . Although the former is always larger than the isotropic coefficient, for large velocities they move towards the same values.
For quarks moving along the anisotropic direction the corresponding coefficient has different behavior, and is modified stronger by the anisotropy. This can be explained geometrically since the anisotropic direction of the metric is modified stronger than the transverse space and these modifications happen to carry on to the particular observable. Physically it can be interpreted that for a quark moving in an anisotropic plasma, the Langevin dynamics are strongly depending on the direction of the motion of the quark and weaker on the direction of the transverse random forces. Notice also that the coefficients κ
and κ ⊥ L , are lower than the isotropic result until a certain speed is reached. Similar behavior has been noticed for the drag force for moving quarks along the transverse to anisotropic direction [12, 13] .
The longitudinal Langevin coefficients for a motion along anisotropic direction are modified even stronger compared to the isotropic theory and it is always larger than its isotropic result. The effects on both κ L coefficients for motion along the anisotropic direction become larger as the velocity is increased.
These comparisons of the anisotropic Langevin coefficients to the isotropic results are depicted in Figures 1 and 2 . An interesting remark is in order. In [46] by finding the ratio κ L /κ T for any theory in terms of the background metric elements, it has been noticed that the inequality κ L > κ T holds for a large number of theories, and it has been found to get violated only in anisotropic theories. In our case this happens for a quark moving along the transverse space to anisotropy, while the transverse component of the broadening is along the anisotropic direction, Figure 3 . The violation happens for small velocities, but increasing the anisotropy the range of violation may be increased to almost the whole range of the velocity. In next section we extend our study to the large anisotropy regime of the anisotropic axion space dependent model.
Large Anisotropy
The analysis of this section is done numerically, since the background in this regime is not known analytically. For large anisotropies the background metric remains prolate while the pressure anisotropies may be prolate or oblate. Moreover, in the numerical analysis we have a larger range to vary our parameters and we observe new behaviors in our observables.
A new observation in large anisotropies is that the effective temperature may be larger than the heat bath temperature, in contrast to the isotropic theories. For anisotropic parameters of the order a/T = 10 this is barely happens for very large velocities ( Figure 4 ). As we increase the anisotropies however, the inequality T ≤ T ws is satisfied for larger range of speeds as can be seen in Figure 7 . This is a unique result for quarks moving in anisotropic theories. Therefore, a quark can be moving in the anisotropic theory with such a speed that the effective temperature the quark measures, is equal to the heat bath temperature. On the other hand the effective temperature for quark motion in the transverse plane is always lower than the heat bath temperature (Figure 6 ).
For larger velocities the world-sheet temperature T ⊥ ws is decreasing, while the T ws is also decreased until some specific value of anisotropies after which the effective temperature is increasing, as can be seen in Figure 7 . This is also a unique phenomenon of the anisotropic theories. In summary we see that while the world-sheet temperature T ⊥ ws for quark's motion along the transverse to anisotropy direction has many common characteristics to the isotropic theories, the temperature T ws for a quark motion along the anisotropic direction has very different properties.
The behavior of the diffusion coefficients in large anisotropies is similar to that of the small anisotropies as depicted in Figures 1, 2 and 3 . Therefore, the qualitative explanations and T iso Figure 7 . The ratios T ws /T as functions of anisotropy for motion along the anisotropic direction. Notice that for large anisotropies the T ws becomes bigger than the heat bath temperature, and as velocity increases the anisotropy for this to happen gets lower.
the interpretations are similar to the ones given for motion of the quark in small anisotropies in the previous section. The only quantitative difference is that the effects of anisotropy in the plotted quantities become larger. Nevertheless, it is interesting to note that the ratio
is lower than the unit for large range of velocities for increased anisotropies. In Figure 5 we find that the ratio is lower than the unit for velocities v 0.6, for an anisotropy a/T = 10. The range of velocities that the ratio remains lower than the unit increases as the Figure 9 . The ratios κ L /κ T depending on the anisotropy for v = 0.7. The increase of the velocity requires larger anisotropies where the inequality κ
anisotropy is increased. This can be seen in Figures 8 and 9 , where large velocities eventually violate the inequality
, only requiring to have stronger anisotropic backgrounds.
Langevin Diffusion Coefficients in Bottom-up Model
In this section we examine the bottom-up model (3.5) for the oblate and prolate geometries and investigate the dependence of the coefficients on the type of the geometry. For prolate geometry we choose the value B = − √ 6, for the oblate the value B = √ 2, while the isotropic case is for B = 0. The parameter A is chosen to be equal to the unit. Notice that the background singularity, although it is mild, affects our results especially at low velocities. Therefore we avoid to examine in detail the observables at very low speeds and we focus mostly on higher speeds.
Oblate and Prolate Geometries
Oblate pressure anisotropies are expected in the observed QGP, and we choose for our background the one that makes the anisotropies maximal, B = √ 2. The analysis can be done by applying our formulas, where solving the (2.5) we find the world-sheet horizons u ⊥ 0,obl , u 0,obl given explicitly in Appendix B by (B.1). The corresponding temperatures T ⊥ ws,obl , T ws,obl can be found by using the equation (2.9), and given in the (B.2).
For the prolate geometry with B = − √ 6, analytical results can also be obtained where the world-sheet horizons u ⊥ 0,pro , u 0,pro and the corresponding temperatures T ⊥ ws,pro , T ws,pro are given by the equations (B.4) and (B.5). Since we have chosen A = 1 for the anisotropic case, we use it in the isotropic background and give the effective temperature and corresponding Langevin coefficients in (B.8).
Our main aim using the bottom-up model is to study the dependence of the Langevin coefficients on the type of the geometry of the background and we focus on larger velocities. We look at large velocities since at low velocities the worldsheet horizon moves close to the singularity of the space, where our results are affected strongly by the singularity and can not be trusted.
The Langevin coefficients can be calculated analytically for both type of geometries by applying our formulas (2.18). We give the results in Appendix B and we plot the individual coefficients below. We find that when the geometry changes from oblate to prolate, the behavior of the Langevin coefficients at large velocities it is almost inverted compared to the isotropic coefficients. Moreover, the behavior of κ ,(⊥) T is qualitatively interchanged with that of κ ⊥,( ) T when going from prolate to oblate geometries ( Figures (10) and (11)). This is even more obvious in longitudinal components of the Langevin coefficients where κ L and κ ⊥ L interchange qualitative behaviors (Figures (12) and (13)). This can be understood geometrically since the long axis of the ellipsoid changes direction when going from oblate to prolate geometries. The effect of the singularity for this qualitative picture seems to be not significant and therefore we conclude that the noise factors are crucially affected by the type of the geometry. In fact some of them interchange qualitative behavior when going from one to the other type of the geometry. There is also a hint from the metric of the space for this behavior, since the transverse and the longitudinal metric elements almost interchange their form as the type of geometry changes.
From a geometrical point of view we may also explain the rest of the behavior of the coefficients. The larger the speed, the closer world-sheet horizon to the boundary, where the evaluations of the quantities is done, and the anisotropic effects on the metric may be weaker. For speeds v → 1, the world-sheet horizon is very close to the background boundary and the anisotropic effects in the geometry are minimal. Therefore, a moving quark in the dual anisotropic plasma moving with extremely large velocities, has minor contributions of the anisotropy to its noise coefficients. However for relatively large speeds but away of the speed of light, although the world-sheet horizon moves towards the boundary, the Langevin coefficients still capture the anisotropic contributions.
Notice that for prolate geometries we find in general, large deviations of the coefficients for motion along the anisotropic direction. This has been also observed in the axion spacedependent anisotropic model. Therefore quarks that are moving along the beam direction would feel the anisotropic effects in their noise factors much stronger than moving in the transverse space. This has been also observed in several other observables [12] .
The expressions of the ratios of the longitudinal and transverse diffusion coefficients are simplified. For the oblate geometries read Figure 15 . The ratios κ L /κ T depending on the velocity for different directions of motion for the prolate geometries. One ratio is smaller than the unit, and is the one that is always larger for the prolate geometries.
while for the prolate geometries the ratios of the coefficients are
The inequality κ L > κ T is violated in the oblate geometries for the fractions κ ⊥ L,obl /κ
T,obl , while for the prolate geometries for the ratio κ ⊥ L,pro /κ ⊥,( ) T,pro , i.e. Figures (14) and (15) . This is one more particular example where the violation of the universal relation happens for the anisotropic backgrounds [46] .
Notice that we have not seen negative excess noise in this anisotropic background using the conditions derived in [46] . We find positive excess noise for the quark's motion with any velocity and along any direction, in the two extreme oblate and prolate backgrounds.
Common Results Between the two Models
In this section we report some further common results between the bottom-up and the topdown anisotropic models studied in the paper. We study the dependence of the Langevin coefficients on the type of geometry by fixing the ratio of pressures, and we notice that the only clear qualitative similarity between the two models, is in terms of the ratios κ L /κ T . We focus only in the prolate regime since the axion deformed model has only this type of the geometry.
A way to relate the two models is to use the coefficient ∆
which measures the degree of pressure anisotropy and depends on the anisotropic parameters.
For low values of ∆ an analytic relation may be found with the parameter a of the axion deformed anisotropic theory [12] ∆ ≃ a 2 2π 2 T 2 (6.2) and with the parameter B in the bottom-up model [31, 50] ∆ ≃ B . for low anisotropies. For larger anisotropies using the same techniques, the computation may be done numerically. In order to understand the comparison we need to investigate the type of geometries associated to each value of ∆. In the axion deformed anisotropic model the geometry is always prolate, while for low values of a/T the pressure anisotropy is oblate, and for larger it becomes and remains prolate. In the bottom-up model, when the pressure anisotropy becomes prolate(oblate) the geometry is also prolate(oblate).
It would be natural to expect that if there is any correlation of the observables between these two models, it is more likely to be between the same type of geometries. By fixing the pressure anisotropies as in table 1 2 we observe a similarity between the behavior of the ratios κ L /κ T of these two models while the individual behavior of the noise coefficients does not show any other clear similarity. In Figures 16 and 17 we plot the ratios κ L /κ T for ∆ = −1 corresponding to prolate geometries and pressure anisotropies. The only ratio that is smaller than the unit in both geometries is the κ ⊥ L /κ ⊥,( ) T , and has a crossing for quark speed around v ≃ 0.5 and v ≃ 0.6 in the two models. The isotropic ratio is the next larger one. But the ratios κ ⊥ L /κ
come with different ordering in the two plots. Therefore, when we compare prolate geometries between the two anisotropic models, we see clear qualitative similarities only for some of the ratios κ L /κ T and not the individual coefficients. 
Summary and discussion
In this paper we have studied the Langevin diffusion coefficients in strongly coupled anisotropic plasmas. We have studied the coefficients in the top-down model of the space dependent axion deformed theory which has prolate geometry and oblate or prolate pressure anisotropy. We have found the dependence of the Langevin coefficients to the anisotropy and have compared them to each other and to the isotropic results studying extensively the effect of the anisotropies to the coefficients. Moreover, several new interesting features appear in the anisotropic theories. We show that for large anisotropies the world-sheet temperature T ws for motion along the anisotropic direction may be larger or lower than the heat bath temperature. This is in contrast to the isotropic theories, where the effective temperature of the quark is always lower than the heat bath temperature. In the anisotropic theories, the effective temperature depends strongly on the velocity and anisotropy. For larger anisotropies the world-sheet temperature becomes larger than the heat bath temperature for lower velocities. We have also examined the inequality κ L > κ T , known to be true for large number of isotropic theories and to be violated in anisotropic theories according to [46] . We show that increase of the anisotropy leads to increased range of speeds where the inequality is being violated.
Moreover we observe that motion along the anisotropic direction affects the Langevin coefficients stronger. This is not unexpected, and reflects to an extend the degree of modification of the anisotropy to the metric elements, which is stronger along the anisotropic direction. This has been also noticed for several other observables [12] .
In order to study the qualitative dependence of the Langevin coefficients to the type of the geometry we use a bottom-up anisotropic model, which allows both prolate and oblate geometries. Focusing on larger velocities, we find that indeed the Langevin coefficients are affected by the type of the geometry and certain coefficients interchange each other qualitative behaviors. This interchange is very clear for κ L and κ ⊥ L , when going from oblate to prolate geometries. This is not unexpected since the large axis of the ellipsoid is rotated with the change of the geometry and the relevant metrics elements also interchange qualitative behaviors. In this model we have also found that the inequality κ L > κ T is modified for any type of geometry. By fixing the anisotropy between the two top-down and bottom-up models we observe that a clear similarity between them is when comparing for the prolate geometries the ratio κ ⊥ L /κ ⊥, T , which is lower than the unit until a certain speed is reached. It is particularly interesting that we have not found negative excess noise in any of these two anisotropic models by examining the conditions of [46] . So far there is no known anisotropic dual plasma that a quark's motion leads to negative excess noise and it would be very interesting to find a particular consistent anisotropic theory that this is allowed. 
